Triphalangeal thumb (TPT), a long, finger-like thumb with three phalanges instead of two, is regarded as a subtype of preaxial polydactyly. It can occur as a sporadic disorder, but is more often seen as a dominant familial trait. We describe four white Dutch families in which triphalangeal thumb has variable expression and is sometimes associated with preaxial extra rays, rudimentary postaxial polydactyly, cutaneous syndactyly of the hands, and, rarely, postaxial polydactyly and syndactyly of the feet. A comparison with similar familial conditions reported during the past 10 years is provided. The potential significance of linkage and molecular genetic analysis for better insight into the pathogenesis of complex hand malformations is discussed.
Abstract
Triphalangeal thumb (TPT), a long, finger-like thumb with three phalanges instead of two, is regarded as a subtype of preaxial polydactyly. It can occur as a sporadic disorder, but is more often seen as a dominant familial trait. We describe four white Dutch families in which triphalangeal thumb has variable expression and is sometimes associated with preaxial extra rays, rudimentary postaxial polydactyly, cutaneous syndactyly of the hands, and, rarely, postaxial polydactyly and syndactyly of the feet. A comparison with similar familial conditions reported during the past 10 years is provided. The potential significance of linkage and molecular genetic analysis for better insight into the pathogenesis of complex hand malformations is discussed. Type I preaxial polydactyly which comprises various degrees of duplication of biphalangeal thumbs. It is usually sporadic, unilateral, and not associated with thenar anomalies. Type II and type III are two different forms of triphalangeal thumbs, opposable and non-opposable, respectively. Type IV (polysyndactyly) is usually associated with foot anomalies and resembles the type of limb deformity seen in Greig cephalopolysyndactyly syndrome.
Preaxial polydactyly can occur as an isolated anomaly or as part of several complex congenital malformation syndromes. The defect may be unilateral or bilateral, and hands or feet or both may be affected. Sporadic as well as familial occurrence has been described, with autosomal dominant inheritance the most likely mode of transmission.8
Triphalangeal thumb (TPT), a long, fingerlike thumb with three phalanges instead of two, is usually regarded as a subtype of preaxial polydactyly. Lapidus et all reported the prevalence of TPT as 1/25 000. In the series from Iowa University, TPT represented 3% of congenital malformations of the upper extremities.'" TPT is occasionally seen as a sporadic disorder, but more often as an autosomal dominant familial trait. It is therefore probable that the overall prevalence of this disorder is very low in large populations, but may peak in areas with affected families. Recently, we identified 11 possibly related probands and their families (white Dutch), in which the expression of thumb anomalies ranged from an opposable triphalangeal thumb to a triphalangeal index-like digit instead of a thumb, including two extra hypoplastic rays on the radial side of the 'thumb' (septadactyly).
In this paper we describe our findings in the families of six of these 11 probands with respect to pattern of inheritance and variability of clinical phenotype, function, and morphology. A comparison with similar conditions reported during the past 10 years is provided. The usefulness of the currently available classifications and the potential significance of gene localisation and identification in order to understand the pathogenesis of complex hand malformations will be discussed.
Patients, materials, and methods Through a review of medical records of the Department of Plastic and Reconstructive Surgery of the Academic Hospital RotterdamDijkzigt/Sophia concerning patients with congenital hand malformations, we ascertained 11 probands with TPT, all of whom had been referred for primary or secondary plastic surgery. The review covered a period of referrals from 1983 to 1991. Each of these 1 1 probands had a strikingly similar phenotype, a strongly positive family history of similar hand malformations suggestive of autosomal dominant inheritance, and all their parents originated from a demographically and geographically small region in the south west part of The Netherlands. This raised the possibility that all the patients and their affected relatives might have All patients were seen by one of us (JZ). Ten patients and 10 apparently unaffected first degree relatives were also seen by a clinical geneticist (DL), in order to evaluate the possibility that TPT was part of a more complex malformation syndrome. Clinical photographs were taken and reviewed of most of the patients (DL, JZ). In addition, the registry of the Clinical Genetics Centre Rotterdam covering the south west region of The Netherlands was screened for potentially related congenital malformations diagnosed in patients from this area.
Results
According to the family histories, 186 out of a total of 346 subjects were presumed affected and 160 presumed unaffected, with a sex ratio among affected subjects of 91/95 (M/F).
We have so far had the opportunity to examine the families of six of the 11 probands. By means of genealogical studies we were able to link the families of three of these probands and their affected relatives to one another. These three interrelated families will be referred to as family A (fig 1) . The ancestors of the other probands all originated from the same village. One hundred and twenty four Figure 3 Photographs and x ray of the hands of proband 1, aged 7, after amputation of the preaxial extra rays, correction of cutaneous syndactyly between digits IV and V of the left hand, and before thumb surgery. Notice the index-like appearance of the thumb, the narrow first web space, pseudo-opposition, hypoplastic thenar muscles, and, on the x ray, the absence of the sesamoid bones and two epiphyses of the first metacarpal.
subjects from the four families of the six probands have been personally examined by the investigators; 60 persons out of this group were affected, 38 were unaffected, and 26 were (healthy) partners of affected subjects.
Among the couples examined, there was no known consanguinity. The In the past, several other families with TPT and associated hand malformations similar to those observed in our families have been reported.1I-18 However, none of these clinical phenotypes completely correspond to one another or to ours. There are remarkable differences with respect to the severity of each symptom as well as their frequency among affected subjects. In table 3, the clinical phenotypes of five families reported during the past 10 years are compared with one another and with the families reported in this paper.
In the family described by Merlob et al,5
the three family members examined had an opposable TPT, which in two of the members was associated with duplication of the big toes. _ ;tX -;_~This phenotype, apart from the absence of preaxial extra rays, is very much like the phenotype in an Indian family reported by toes. Particularly, the latter malformation was Figure 4 Photographs and x ray of the hands of the uncle of proband I showing slight not observed in any of 60 affected subjects of ulnar clinodactyly in the interphalangeal joints of the thumbs, almost normal thenar muscles, and normal opposition, and, on the x ray, sesamoid bones and two small delta our families. The fact that preaxial extra rays phalanges in both thumbs (arrows).
in the hands was not observed in the family of The classification of congenital hand malformations is usually based on clinical appearance or skeletal morphology but is frequently complicated by the coexistence of different types of malformations, like polydactyly, syndactyly, and thumb hyperphalangism in the TPT families discussed here. Usually the most prominent or most frequent malformation is used as a lead for classification of complex malformations. However, the application of the currently available classification systems is complicated by the large variation in expression and the considerable overlap between apparently different complex hand malformation syndromes. This makes it difficult to draw conclusions about the extent of genetic heterogeneity among the previously and currently reported TPT families. Nevertheless, the fact that the phenotypic spectrum is very consistent among our currently reported four families, together with their common geographical and demographic origin, strongly supports the hypothesis that all affected subjects examined by us so far share the same genetic defect.
Although the differences in pattern of expression between the currently and previously reported families could be explained by genetic (allelic or locus) heterogeneity, the variable expression within each family indicates the role of additional genetic or environmental factors. This suggests that the TPT gene is a regulatory gene involved in the development of the hand during embryogenesis. Localisation of the disease gene(s) by positional cloning strategies and identification of the gene(s) involved and the mutations causing TPT will help to answer these questions and may contribute to the establishment of a new aetiological and pathogenetic classification of complex hand malformations, as a supplement to current morphological classifications.
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